Small naviculoid diatoms remain largely taxonomically unexplored in the United States, due to the inability for clear differentiation of unique characteristics under light microscope magnification during routine identification. In a recent study of benthic stream diatoms from California and as a part of taxonomy data quality assurance and quality control process it became evident that taxonomic reevaluation of a common Fallacia species is needed. A new small-celled Fallacia species is described here and compared to similar taxa. Nomenclatural and ecological discussions, based on historical and current literature, are presented for each taxon. Type materials were consulted for taxonomic evaluation and comparison. The new taxon is described with light microscopy and scanning electron microscopy. Fallacia californica could be distinguished from other small Fallacia species with coarse areolae by the unique combination of following features: 1) distinct lyre-shaped sternum, 2) asymmetrical central area, and 3) variable central striae with one to four inner areolae absent, and unilateral gap between the central striae on the mantle. The new freshwater species was distributed in warm alkaline waters with medium conductivity and elevated nutrients content.The majority of populations have been recorded in coastal streams, where they could be abundant, but the species could be scattered in other inland running waters as well.
Introduction
Small naviculoid diatoms are widely distributed in periphyton, can vary in abundance, and provide important information towards the ecological assessment of each habitat (Van Dam et al. 1994 . Taxonomic evaluation using high quality research microscopes, while estimating relative abundance of diatom taxa within site, remains a necessary step in bioassessment (Manoylov 2014) . The taxonomic composition of the freshwater algae in California, particularly from streams and rivers has been reported as part of national programs and state surveys. In the last decade, the extensive bioassessment sampling by the Surface Water Ambient Monitoring Program (SWAMP) of the California Water Resource Control Board allowed a more complete picture of the local diatom flora from streams. Taxonomic analysis of the data led to the description of new-to-science species belonging to the diatom genera Amphora Ehr. ex Kütz., Halamphora (Cleve) Levkov, Rhoicosphenia Grunow, Gomphonema Grunow, and Gomphoneis Cleve (Stepanek & Kociolek 2013 , Thomas & Kociolek 2015 , Stancheva et al. 2016 , with more in progress. A recent diatom quality assurance and control process, similar to the USEPA (2013) procedures, indicated that taxonomic reevaluation of a common, and often locally abundant Fallacia species is needed.
The diatom genus Fallacia Stickle & D.G. Mann was described in Round et al. (1990) with transfer of 59 species from Navicula Bory. The unique combination of characters combine H-shaped chloroplast, lateral depressed sterna interrupting the striae, and a finely porous conopeum (Li et al. 2014b; Spaulding et al. 2010) . Most Fallacia taxa are characteristic of marine and brackish benthic habitats, where they often form rich epipsammic communities in coastal and estuarine intertidal areas (Witkowski 1993 , Sabbe et al. 1999 , Witkowski et al. 2000 . Currently, there are 89 Fallacia species recognized (Guiry & Guiry 2018) . Taxa ascribed to the genus Fallacia have been increasing recently with transfer and description of several new species (e.g., Sabbe et al. 1999 , Witkowski 1991 , Procopiak & Fernandes 2003 , Metzeltin et al. 2005 , Li et al. 2015 , Van De Vijver & Cox 2015 , Genkal & Yarushina 2017 ,
Material and methods
For this study we used diatom samples obtained between 2013 and 2017 as part of the SWAMP program in California. The diatom samples were collected along with environmental variables using the multihabitat sampling protocol (Fetscher et al. 2009 ). For LM observations, the preserved diatom samples were cleaned by the hydrogen peroxide method, mounted in Naphrax®, and 600 diatom valves were identified to species level and counted (for details see Stancheva et al. 2015) . The original analysis of the samples was performed at the California State University San Marcos and EcoAnalysts Inc. For this study, diatom slides were scanned additionally after diatom enumeration, in order to obtain a size ranges a minimum of 50 Fallacia valves. LM imaging of the specimens was performed using a Leica DM2500 microscope with differential interference contrast opticsand Leica DFC295 Camera attached to the microscope (Leica Microsystems, Wetzlar, Germany) at the Georgia College and State University.
SEM was performed with cleaned specimens air dried onto cover glasses, attached to aluminum stubs, sputtercoated with 5 nm of iridium or platinum. Initial observations of frustular ultrastructure were performed with JEOL SEM (JSM-IT100) at Georgia College and State University. The diatom material was examined and pictured in high vacuum mode using a ZeissSIGMA 500 (Carl Zeiss Microscopy, Thornwood, NY, USA) with an accelerating voltage of 5 k at the Nano3 Facility at the University of California, San Diego. Holotype slides and material are deposited at the Georgia College and State Natural History University Museum Algae Collection, diatom collection and isotype slides and type material are maintained by the author Rosalina Stancheva at the California State University San Marcos.
In addition, we observed three slides from Anonymous (1975) , Ross et al. (1979) , and Round et al. (1990) .
Results
Fallacia californica Stancheva & Manoylov, FIGURE 1. SEM image of Fallacia californica Stancheva & Manoylov, sp. nov . with indication of main structural elements of the valve as follow: stars-lyre-shaped sternum; dots-hyaline rib interrupting the striae; arrows-areolae adjacent to the raphe branches; diamonds-inner areolae; arrowheads-areolae near the mantle. Scale bar 1 μm.
Description
Valves are elliptical with rounded poles, 4-5.6 μm wide, 6-14.5 μm long . In girdle view ( Fig. 9 ) ends look rounded too. The raphe is filiform and slightly arched toward the primary side of the valve. Terminal raphe fissures curved toward the secondary side of the valve. The striae are parallel in the center, radiate near the poles, 21-10 μm, composed of coarse areolae resolvable with LM. The lyre-shaped sternum distinctly panduriform, constricted in the center (Figs 3, 4, 10, 16, 17, 19) , often clearly visible in the smallest valves (Fig. 15 ). Striae longitudinally interrupted by a hyaline rib which split the striae into two or three areolae of different sizes. The hyaline rib is often enlarged to fan-shaped near the valve center (Figs 2, 7, 8, 10, 15, 18) . The areolae closer to the mantle are larger, transapically elongated, one per stria, uniform and equally spaced through the valve; occasionally the central two areolae are slightly distant and form unilateral gap 8, 10, 12, (15) (16) (17) (18) (19) . The inner areolae are smaller, one or two per stria, forming a longitudinal line which is curved inwards near the center (Figs 7, 10, 16, 18) . The inner areolae are asymmetrical on both sides of the central area, smaller, variable in size and position, weakly developed, widely spaced or absent, or sometimes longer than the other areolae (Figs 10, 20) . The central area is asymmetrical, small or transapically expanded to unilateral fascia in some specimens. Areolae adjacent to the raphe branches are well developed, single or double, forming equally long lines on both sides of the raphe (Figs 7, 10, 15, 16, 19) .
SEM observations
Internally, small helictoglossae are visible at the polar terminals of the raphe, slightly curved to the primary side of the valve (Figs 21, 24) . On both sides of the raphe, depressed lyre-shaped lateral sternum is interrupting the striae ( Figs 21-25, 35 ). The striae outside the sternum are crossed by longitudinal hyaline rib, which does not appear to be depressed . A longitudinal row with transapically elongated large areolae is positioned on the valve mantle . These areolae are equidistant, except for the two central areolae on the primary side, which are separated by larger gap (Figs 24, (30) (31) (32) . The inner areolae are positioned on the valve face. They are smaller and vary from elongated in a single row to circular in a single or double row near the center of the valve . One to four central striae on the primary side are absent (Figs 24, 25) . The striae between the raphe and lyre-shaped sternums are transapically elongated, constricted, in a single row, or circular in pairs (Figs 22, 23, 35) . The rows with areolae on both sides of the raphe branches are relatively symmetrical. Internally, the areolae are occluded by thin hymenes, which are often dissolved, but partially visible on Figs 24, 25, 33. Externally, the areolae on the valve face are covered by a finely porous conopeum from the raphe sternum to the valve mantle are longer and more pronounced than the other (Figs 29, 31 ). The images with broken conopeum (Figs 34, 37) show that the lyre-shaped lateral depressed sterna and the finely porous conopeum comprised two longitudinal canals that connect with the exterior by pores on both sides of terminal raphe fissure. The cingulum is composed of at least one wide open girdle band (Figs 28, 32, 37, 38 Etymology:-The epithet refers to the state of California, USA, where the species was first observed. Distribution and ecological notes:-Distributed in twenty one coastal streams in central and southern California and in Rock Creek located at the foothills of the Sierra Nevada Mts. F. californica was locally abundant in seven coastal stream sites with relative abundance ranging from 6.2 to 16.6% in diatom counts. The salinity in F. californica habitats was below 0.5 ppt, except for the type locality with elevated salinity1.8 ppt. Comments:-We used two large Fallacia populations from southern California (Aliso Creek) and the central coast (Soquel Creek discharging into Monterey Bay) for detailed LM and SEM observations to illustrate the morphological variation in this species. The silica thickness of diatom valves of this species varies significantly depending on different water chemistry, in addition to the valve diminution (see Figs 16-19) . The LM appearance of the hyaline lyre in F. californica is similar to F. cryptolyra. However, the striae in F. cryptolyra are much finer and denser (26 to 36 in 10 μm according to Sabbe et al. 1999) , and are not interrupted by hyaline rib longitudinally. F. californica could be distinguished from other small Fallacia species with course areolae by the unique combination of following features: 1) distinct panduriform lyre-shaped sternum; 2) asymmetrical central area; and 3) variable central striae with one to four inner areolae absent, and unilateral gap between the central striae on the mantle.
The species with most similar morphology, i.e. F. tenera, has distinctly different valve structure, besides the larger valves and the lower number of striae. It is easily distinguished by the uniform striae along the valve margins and particularly near the central area, narrower lanceolate lyre, and a single or incomplete double row of areolae along the raphe. In the studied data set, F. tenera was recorded with a single valve in Aliso Creek (Fig. 39) and with several valves in Tuolumne River in the Central Valley (Figs 40-42) , showing considerable variation in valve outline and the pattern of areolae adjacent to the raphe branches. A comparison of morphological features of F. californica with similar species from F. tenera group is presented in Tables 2 and 3 . Navicula tenera Hust. 1937 (Figs 43-46) Type locality: Ranu Klindungan Lake, Java, Indonesia.
Valve are 5-6.5 μm wide, 12-14 μm long with striae 16-18 in 10 μm according to Hustedt (1937) . In Hustedt slide N8/50 we observed 17 valves, which corresponded to N. tenera. Valves are 4.9-6 μm wide, 12-14 μm long, with 18-20 striae in 10 μm. Marginal striae are uniform along the valve, in some specimens there was a shorter single central stria (Figs 44 and 46 ). There is a single row of circular areolae on concave side of the raphe branches, and occasionally few isolated areolae on the other side of the raphe (Figs 43, 45, 46) . In Hustedt`s slides 230/70 and 397/94 we did not observe diatom valves corresponding to descriptions and size ranges of Navicula auriculata and N. dissipata (see Table 1 ).
Discussion
LM species identification within Fallacia is based on shape, size and structure of the valve, hyaline lyre, lateral hyaline areas and longitudinal ribs, along with striae structure and density (Sabbe et al. 1999) . F. californica is closely related to species from F. tenera group, because of the presence of a longitudinal rib on the valve face outside the lyre, which is splitting each stria to 2-3 coarse areolae. The hyaline lyre in F. californica is well developed, depressed, panduriform and distinct under LM even in the smallest specimens. However, in some species of this group, for instance in F. tenera and F. arenaria Sabbe & Vyverrman, there is a tendency for obligate or facultative absence of depression on the lyreshaped sternum (Sabbe et al. 1999) . According to Sabbe et al. (1999) , the distinguishing of the species belonging to F. tenera complex is based mainly on the structure, number and position on the valve of the hyaline areas. F. californica is distinguished from all close species based on specific appearance of the distinct panduriform lyre, in combination with longitudinal rib typically enlarged towards the center, and unilaterally expanded central area.
The current understanding about the morphological variation of F. tenera is unclear (Li et al. 2014) , since Schoeman & Archibald (1979) lumped freshwater Navicula tenera (syn. N. uniseriata Hust.) from Ranu Klindungan Lake in Indonesia (Hustedt 1937) , with Navicula insociabilis var. dissipatoides Hust. from the Weser River in Germany (Hustedt 1957 ) and marine Navicula auriculata from Cameroon lagoon (syn. N. dissipata, Hustedt 1966) . Besides the size and valve outline differences, the freshwater species have unilateral row of areolae near the raphe, in contrast to well developed two rows of areolae on both sides of the raphe in marine species in combination with weakly developed or absent inner puncta of the central striae (see Table 2 ). This broad concept has been accepted by Krammer & Lange-Bertalot (1986) , Sabbe et al. (1999) , Witkowski et al. (2000) , Cantonati et al. (2017) which resulted in morphologically and ecologically heterogeneous F. tenera species complex. Reevaluation of the type materials of the freshwater species of Fallacia is needed, in conjunction with ecological, morphological and molecular data, in order to clarify the infrageneric concepts.
In North America, Patrick & Reimer (1966) illustrated N. tenera with single row of coarse puncta on concave side of the raphe and reported it for California. Specimens with two rows of puncta on both sides of the raphe were defined as N. auriculata. The newly described species Fallacia californica shows similarity in striae position and structure to the marine N. auriculata by having two rows of puncta bordering the raphe and variable differentiation of the central striae and inner areolae on both sides of the raphe (feature not recognized by Patrick& Reimer 1966), in contrast to the uniform striae in F. tenera from our data set (see Figs 39-42) . However, F. californica differs from both taxa by its smaller valves, denser striae, distinct panduriform lyre and asymmetrical central area (Table 2 and 3) . During the routine analysis of samples from California, F. californica should be carefully compared with other sporadically reported finely-striated taxa, e.g.
F. californica shares some structural similarities also with a small-sized F. cf. teneroides (Hust.) D.G. Mann, recorded from sandy sediments in the mouth of the Westerschelde estuary, The Netherlands (Sabbe et al. 1999) .
The new species can be found in running alkaline waters in California with medium conductivity, elevated nutrient concentrations and salinity below 0.5 ppt, occasionally inhabiting streams with higher electrolyte content.The majority of populations have been recorded in coastal streams, where they could be abundant, but the species could be scattered in inland running waters as well. The dominant taxa in the F. californica communities were Nitzschia inconspicua Grunow, N. microcephala Grunow, Navicula gregaria Donkin, Amphora pediculus (Kütz.) Grunow, and the epiphytic diatoms Cocconeis placentula Ehr., Planothidium lanceolatum (Bréb. ex Kütz.) Lange-Bert., P. frequentissimum (Lange-Betr.) Lange-Bert., P. delicatulum (Kütz.) Round & Bukh., and Rhoicosphenia abbreviata (C. Ag.) LangeBert. 
